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Objectives: To test whether or not the use of a xenogeneic block loaded with rhBMP-2 results 
in superior radiological and profilometric outcomes compared to an autogenous bone block. 
Materials and methods: Twenty-four patients randomly received a xenogeneic block loaded 
with rhBMP-2 (test) or an autogenous bone block (control) for primary augmentation. The ridge 
width (RW) was evaluated by means of a CBCT scan after augmentation surgery and at 4 
months, prior to implant placement. Surface scans were taken prior to augmentation and at 4 
months for profilometric analyses. Data was analyzed with Wilcoxon-signed rank test, Mann-
Whitney test or nonparametric ANOVA models. 
Results: The median RW after augmentation amounted to 7.13 mm (Q1 = 6.02; Q3 = 8.47) 
for test and 6.86 mm (Q1 = 5.99; Q3 = 8.95) for control. During 4 months of healing, the total 
RW decreased statistically significantly and measured 5.35 mm (Q1 = 4.53; Q3 = 6.7) for test 
and 5.15 mm (Q1 = 3.57; Q3 = 7.24) for control (p=0.0005). The differences between the 
groups were not statistically significant (p>0.5899). The buccal soft tissue contour slightly 
increased for test (0.83 mm; Q1 = 0.62; Q3 = 1.87) and control (1.16 mm; Q1 = 0.50; Q3 = 
1.44). 
Conclusions: Both treatment modalities successfully increased the ridge width to a similar 
extent. The shrinkage during healing was not greater in the test than in the control group. The 




Due to resorption and remodeling processes following tooth extraction, the ridge contour 
decreases based on a loss of hard and soft tissue volume. In case of an insufficient ridge width 
for implant placement, a primary augmentation by means of an autogenous bone block is 
considered to be the gold standard (Adell, et al., 1990; Keller, Tolman, Eckert, 1999; Nystrom, 
Nilson, Gunne, Lundgren, 2009; Rocchietta, et al., 2016). Autogenous bone can be harvested 
at extra- or intraoral locations (chin or retromolar area) (Misch, Misch, 1995; Monje, et al., 
2015). Major drawbacks when using autogenous tissue is the morbidity associated with the 
harvesting procedure (Nkenke, et al., 2002) and the limited amount that can be obtained 
intraorally (Zeltner, Fluckiger, Hammerle, Husler, Benic, 2016). Techniques were continuously 
modified during the last 30 years (Tessier, et al., 2005). However, the data on primary 
augmentations with xenogeneic and alloplastic materials are scarce though (Sanz-Sanchez, 
Ortiz-Vigon, Sanz-Martin, Figuero, Sanz, 2015), probably due to the fact that with an increasing 
augmented volume, the integration of the material becomes more critical. In order to 
accelerate the integration of bone substitute materials, growth factors such as BMP-2 have 
been applied in a plethora of preclinical and some clinical trials (Jung, et al., 2003; Jung, 
Thoma, Hammerle, 2008; Terheyden, Jepsen, Moller, Tucker, Rueger, 1999). 
In the majority of the studies, the augmented volume following primary augmentation was 
assessed by using either a caliper or a periodontal probe (Cordaro, Torsello, Morcavallo, di 
Torresanto, 2011; Maiorana, Beretta, Salina, Santoro, 2005; von Arx, Buser, 2006; Widmark, 
Andersson, Ivanoff, 1997). More recently, non-invasive methods of analyses were introduced 
applying CBCTs (Benic, Bernasconi, Jung, Hammerle, 2017a; Buser, et al., 2013) and 
profilometric contour measurements (Thoma, et al., 2016). Whereas the CBCT allows 
measuring the amount of bone regenerated, the additional use of digital or conventional 




The combination of CBCT and surface contour measurements therefore allows differentiating 
between ridge width changes at the level of the bone and the level of the mucosa. These 
methods might unfold more distinct and precise analysis of the applied treatment and the 
biological process of graft integration. 
Therefore, the aim of the present study was to test whether or not, the use of a xenogeneic 
block loaded with rhBMP-2 results in superior ridge width at the level of the prospective implant 
shoulder at 4 months based on CBCT analysis and soft tissue contour based on profilometric 
outcome measures compared to the use of an autogenous bone block for primary bone 
augmentation. 
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Materials and methods 
The present exploratory, randomized, controlled clinical study was performed at the Clinic of 
Fixed and Removable Prosthodontics and Dental Material Science, University of Zurich, Zurich, 
Switzerland (center 1, 14 patients) and at the Department of Oral Surgery and Radiology, 
School of Dentistry, Medical University Graz, Graz, Austria (center 2, 10 patients). No 
comparable clinical data using similar augmentation materials and measurement techniques 
were available when the study was designed. Therefore, the study is considered to be of 
explorative nature. The clinical outcomes, histologic results and patient-reported outcome 
measures were reported earlier (Thoma, et al., 2017). Patients in need of implant therapy were 
consecutively enrolled. All sites presented an insufficient ridge width for implant placement of 
less than 5mm. The local ethical committee of Zurich (KEK-ZH-Nr. 2010-0213/5) and Graz (24-
372 ex 11/12) approved all procedures and materials. Informed consent was obtained from all 
participating patients.  
 
Specific exclusion criteria: 
- Pregnancy, intention to become pregnant, breast feeding, lack of safe contraception 
- Medication with a contraindication for implant therapy    
- Previous administration of InductOs®    
- Skeletal immaturity    
- Any active malignancy or patient undergoing treatment for a malignancy    
- Persistent compartment syndrome or neurovascular residua of compartment syndrome 
   
- Pathological fractures such as those observed in (but not limited to) Paget’s disease or 
in metastatic bone    
- Contraindications to the class of drugs under study, e.g. known hypersensitivity or 
allergy to class of drugs or the investigational product 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Specific inclusion criteria: 
- Patients older than 18 years of age 
- Good general health and no systemic disease 
- Periodontally healthy (Bleeding on probing and plaque index <25%, no periodontal 
pockets exceeding 4 mm) 
- Smoking ≤ 10 cigarettes per day 
- Partially edentulous and requiring implant therapy 
- Insufficient ridge width (<5mm) to place dental implants at 1-4 sites in the maxilla or 
mandible 
- Tooth extraction at the defect site at least 3 months ago 
- At least one neighboring natural tooth to the defect site(s) 
- Signed informed consent 
 
Procedure 
Patients were randomly assigned according to a computer generated list. At the day of 
treatment, the surgeon opened a sealed envelope in order to treat the patient either with a 
deproteinized bovine bone mineral (DBBM) block (Bio-Oss Spongiosa Block®, Geistlich Pharma 
AG, Wolhusen, Switzerland) infused with rh-BMP-2 (InductOs®, Medtronic BioPharma, 
Neuchâtel, Switzerland) (test), or with an autogenous bone block (control). 
A first silicone impression of the site(s) including the neighboring teeth was taken at the 
screening visit before augmentation surgery (Pre Aug). The surgical procedures were described 
in detail previously (Thoma, et al., 2017). In brief, a paracrestal incision and oblique releasing 
incisions were placed, a full-thickness flap elevated and the cortical bone plate perforated at 
numerous locations. In the control group, an autogenous bone block was harvested from the 
symphysis or the retromolar area, depending on the donor site anatomy. In the test group, the 
DBBM block was moistened for 15 minutes with 1.2 ml rhBMP-2 (InductOs®, rhBMP-2 
concentration 1.5 mg/ml). The xenogeneic blocks were then shaped and adapted to the defect 
(no screws were used). Autologous blocks were fixated with screws (GBR-System, Institute 
Straumann AG, Basel, Switzerland). Subsequently in both groups, a layer of xenogeneic bone 
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particles (Bio-Oss Granulat®, Geistlich Pharma AG) was applied to cover the blocks and to fill 
up voids. The augmented area was then covered with a native collagen membrane (BioGide®, 
Geistlich Pharma AG). The membrane was immobilized by resorbable fixation pins (Inion GTR 
Tack®, Inion, Tampere, Finland). Following tension-free wound closure, a CBCT scan of the 
recipient site was taken (Post Aug). At suture removal (7-10 days later), a second silicone 
impression was taken (SR). 
 
The second CBCT scan and the third silicone impression were taken prior to re-entry surgery, 4 
months after the ridge augmentation surgery before implant placement (Pre IP). Subsequently, 
implants were placed according to the manufacturer’s instruction (Astra Osseospeed TX, Astra 
Tech Implant System, Dentsply Sirona, York, United States) and in a prosthetically ideal 
position. Additional GBR procedures were performed in case of dehiscence or fenestration 
defects at the implants. Baseline examination for the follow-up including a third CBCT scan was 
performed 4-6 weeks after crown insertion (Post CI). All interventions and measurements are 
summarized in Figure 1. 
 
CBCT measurements 
In patients with more than one prospective implant site, the most mesial site was always 
included for the analysis. All measured sites correspond to those that had previously been 
clinically and histologically examined (Thoma, et al., 2017). CBCT scans were taken using two 
different scanners: a Kavo 3D eXam scanner (Kavo Dental GmbH, Biberach, Germany) at center 
1 and a Planmeca romexis scanner (Planmeca Oy, Helsinki, Finland) at center 2. The settings 
for the field of view were between 160x40 mm and 160x80 mm (in order to obtain the full jaw 
for proper superimposition), 5 mA and 12mA, 120 kV and 84kV, voxel size of 0.25 mm and 
0.2mm and an exposure time of 4 and 12 seconds respectively. The dicom data files were 
saved as a set of single frames and were then imported into an image analysis software (3D 
Slicer, http://www.slicer.org). All three CBCT scans were manually superimposed roughly. The 
volume was then cropped to further facilitate the superimposition, keeping distinct reference 
structures as well as the region of interest. The scans were then registered and superimposed 
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automatically, followed by a visual accuracy check. Finally, the Post CI scan, containing the 
implant within the image, was used to choose a cross-section. The cross-section was chosen 
along the center axis of the implant (Figures 2 a-c). The cross-sections of all three scans, 
containing a scale in mm were saved and imported into a raster graphics editor (Adobe 
Photoshop CS13, Adobe Systems Incorporated, San Jose, USA). A grid was placed on the Post 
CI scan with a vertical line adjusted to the implant axis, and a horizontal line adjusted to the 
implant shoulder. Further horizontal lines at an interval of 1mm determined the horizontal ridge 
width measurements until 5 mm below the implant shoulder. The grid was adjusted according 
to the scale and was then copied onto the cross-sections of the Post Aug and Pre IP scan, 
translating the (future) implant position by means of the grid onto these scans (Figures 2d-f). 
Measurements were performed using a further image analysis software (imageJ, National 
Institutes of Health). The scale was used to calibrate the software for every cross-section 
separately and the measurements were performed along the grid placed before. 
Horizontal measurements: 
- Ridge width (RW, mm): RW was measured at the level of the implant shoulder (IS) and 
at 2 and 5 mm below the IS. On the Post Aug scan, the RW of the native and of the 
augmented bone was measured separately. On the Pre IP scan, the entire RW was 
measured as the border between native and augmented bone could not be precisely 
differentiated anymore. 
Augmented area: 
- The area of augmented bone (AA, mm2) was marked in the Post Aug cross-section 
(Figure 2g) and transferred onto the corresponding, superimposed Pre IP cross-section. 
There, the area was reduced along the buccal contour according to the situation at 4 
months (Figure 2h). The difference between the two areas (mm2) was then calculated 
(Figure 2i). 
 
Profilometric measurements based on impressions 
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Impressions were taken at the screening visit (Pre Aug), at suture removal (SR) and at 4 
months, prior to implant placement (Pre-IP). Subsequently, all casts were scanned at center 1 
with a desktop scanner (Imetric 3D, Courgenay, Switzerland). The obtained stereolithographic 
files (Standard tessellation language, STL format) were uploaded into a software for volumetric 
and profilometric analysis (Swissmeda software, Swissmeda, Zurich, Switzerland). The STL 
surfaces were superimposed using reference structures, which did not change over time, 
neighboring teeth predominantly. A cross-section, representing the planned implant position 
was selected. 
Profilometric measurement: 
- A crestal region of interest (ROI) was selected on the baseline surface, with a mesio-
distal extension according to the implant site. The bucco-oral dimension was drawn with 
a distance of 1mm from the buccal crest and extended 4 mm to the palatal/lingual side. 
- The buccal ROI was again selected on the baseline surface, with a similar mesio-distal 
extension. The apico-coronal dimension was defined with a coronal border 1mm below 
the buccal crest and an apical extension of 5 mm.  
 
The software then calculated the mean distance (MD, mm) between the surfaces within the 
ROI (Figure 3+4). 
 
Statistical analysis 
The data was collected in Excel (Microsoft Corporation, Redmond, Washington, USA) and 
statistical analysis was performed with SAS 9.4 (SAS Corp., Cary NC. USA). Mean, median, 
standard deviation and the range were used to describe continuous variables as well as counts 
and percentages were used for categorical variables. The comparison of the treatments and 
possible confounding factors as centers and sites were analyzed with Wilcoxon-signed rank 
test, Mann-Whitney test or nonparametric ANOVA models because of the small sample size and 
the non-normality of the data. The primary endpoint is the ridge width at the implant shoulder. 
Because of multiple testing of all variables, a Bonferroni correction was applied and the level of 
statistical significance was set at 0.0008 to compare the two groups. For the primary endpoint, 
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nonparametric 90% confidence intervals were derived for the median of the differences of the 
two groups to comment possible equivalence of the two groups. 
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Results 
In 23 out of 24 patients originally included, the augmentation procedure was considered to be 
successful, allowing to place dental implants 4 months later. In one patient in the control 
group, the augmentation procedure failed with the autogenous bone block being exposed 6 
days after surgery. Due to an ineffective antiseptic treatment, the block had to be removed 
after 21 days to allow for adequate wound healing. Since the patient with the failed 
augmentation refused to undergo another surgical procedure, he was excluded from the 
present study. According to the protocol, this patient was replaced by an additional patient 
receiving an autogenous bone block. The median age at the screening visit was 58.0 years (Q1 
= 44; Q3 = 66) in the test group and 46.5 years (Q1 = 34; Q3 = 61.5) in the control group. 
Descriptive data are presented in table 1. The stated p-values beyond the primary outcome 
(ridge width at the implant shoulder at 4 months) are considered explorative. 
CBCT measurements 
 
Ridge width (RW, mm) at the height of the prospective implant shoulder (IS) 
The median RW after augmentation (Post Aug) amounted to 7.13 mm (Q1 = 6.02; Q3 = 8.47; 
test) and 6.86 mm (Q1 = 5.99; Q3 = 8.95; control), whereas the width of the native bone was 
2.03 mm (Q1 = 0.80; Q3 = 4.03; test) and 2.78 mm (Q1 = 1.37; Q3 = 3.27; control). The 
gain due to the augmentation was statistically significant in both groups (p=0.0005/p=0.0005). 
From Post Aug to Pre IP, the total RW decreased statistically significantly and amounted to 5.35 
mm (Q1 = 4.53; Q3 = 6.7) for the test and 5.15 mm (Q1 = 3.57; Q3 = 7.24) for the control 
group (p=0.0005/p=0.0005). The differences between the groups were not statistically 
significant (p>0.5899). For commenting possible equivalence, the Hodges Lehmann estimate of 
the median of differences and corresponding 90 % confidence intervals amounted to -0.2 mm 
[-1,86;1.28] at Post Aug and -0.45 mm [-2.10;0.79] at Pre IP. 
Ridge width (RW, mm) 2 mm below the prospective implant shoulder (IS) 
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After augmentation, a total ridge width of 9.88 mm (Q1 = 8.98; Q3 = 10.47; test) and 8.63 
mm (Q1 = 6.37; Q3 = 10.35; control) was obtained. The median ridge width of the native bone 
was 3.58 mm (Q1 = 2.71; Q3 = 5.23; test) and 3.26 mm (Q1 = 2.33; Q3 = 4.03; control). The 
gain due to the augmentation was statistically significant in both groups (p=0.0005/p=0.0005). 
From Post Aug to Pre IP, a statistically significant decrease to a total RW of 7.86 mm (Q1 = 
6.74; Q3 = 9.09) for the test and 7.20 mm (Q1 = 5.86; Q3 = 8.83) for the control group was 
measured (p=0.0005/p=0.0005). Again, the differences between the groups were not 
statistically significant (p>0.1277). 
Ridge width (RW, mm) 5 mm below the prospective implant shoulder (IS) 
A total RW of 10.96 mm (Q1 = 10.62; Q3 = 11.64; test) and 9.32 mm (Q1 = 6.97; Q3 = 
11.20; control) was obtained Post Aug. The according native RW was 5.28 mm (Q1 = 4.12; Q3 
= 9.24; test) and 4.72 mm (Q1 = 3.45; Q3 = 6.92; control). The ridge width gained due to the 
augmentation was again statistically significant in both groups (p=0.0005/p=0.0005). A 
statistically significant (p=0.0005/p=0.0005) decrease from Post Aug to Pre IP was found with 
a total RW of 9.73 mm (Q1 = 9.18; Q3 = 10.75) for the test and 8.27 mm (Q1 = 5.69; Q3 = 
10.13) for the control group at Pre IP. The inter-group differences were not statistically 
significant (p>0.0597). 
Augmented area (AA, %) 
The decrease of the AA from Post Aug to Pre IP amounted to -13.88% (Q1 = -25.44; Q3 = -
6.94) for the test and -25.62% (Q1 = -34.11; Q3 = -20.67) for the control group. With the 
applied Bonferroni correction, the difference was not statistically significant (p=0.0173).  
Profilometric measurements based on impressions 
Over the entire observation period (Pre Aug - Post CI), a slight gain was measured buccally for 
test (0.83 mm; Q1 = 0.62; Q3 = 1.87) and control (1.16 mm; Q1 = 0.50; Q3 = 1.44) on the 
level of the soft tissues. Values for the occlusal measurements amounted -0.03 mm (Q1 = -
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0.57; Q3 = 0.79) for the test and -0.29 mm (Q1 = -0.67; Q3 = 0.63) for the control group. 
There were no statistically significant differences between the groups (p>0.4134). 
Data were further tested for possible effects such as center, side, anterior (including canines) 
versus posterior (premolars and molars) and upper versus lower jaw. They were not 
statistically different if multiple testing was corrected, except for ridge width at 5 mm at 4 
months, when comparing upper versus lower jaw (p=0.0002). Measurements showed generally 
higher values for the upper jaw, actually a finding, which was noticed for all RW variables.
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Discussion 
The present two-center study assessing two primary horizontal bone augmentation techniques 
revealed that i) both treatment modalities significantly increased the ridge width at all 
measured levels below the crest and allowed dental implant placement at 4 months; ii) the 
augmented area demonstrated a higher, however not statistically significant, decrease in the 
control than in the test group; iii) the two bone regenerative procedures had only a minor 
impact on the soft tissue contour. 
Biologic mediators with a high osteogenic potential (e.g. rhBMP-2) have been frequently used 
for bone regenerative procedures in preclinical studies and with restricted indications in clinical 
experimental trials so far. One of the major drawbacks when using rhBMP-2 was the 
combination with a carrier material, as predominantly, collagen matrices with no space 
maintenance were used (Barboza, et al., 2000). In a clinical study applying rhBMP-2 in 
combination with a collagen sponge and tenting screws (Edmunds, et al., 2014), a mean 
horizontal gain of 1.2mm was calculated. The latter study, however, also indicated that the use 
of tenting screws and a collagen sponge as a scaffold material might not provide sufficient 
space maintenance. In the present study, the test group revealed a higher gain of ridge width 
(3-4mm), probably attributed to the space maintaining function of the xenogeneic block 
material as such. The type of defects being augmented appears to be similar in both studies 
(the present and the cited previous one). Therefore, the xenogeneic block material seems to be 
a valid candidate to support space maintenance over time. Previous studies demonstrated a 
similar stability of the same xenogeneic bovine bone block when assessing the effect of wound 
closure on volume stability of an augmented site (Mir-Mari, Wui, Jung, Hammerle, Benic, 
2016), in case of lateral bone augmentation at implant sites (Benic, et al., 2017b) and for 
primary bone augmentation without the addition of a growth factor (Hammerle, Jung, Yaman, 
Lang, 2008). The latter study also demonstrated that primary bone augmentation can be 
obtained using the same xenogeneic block material, but healing times of up to 9-10 months 
were required. In contrast, the addition of rhBMP-2 in the present study allowed to shorten the 
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healing period to 4 months without the risk of losing the augmented bone substitute material 
(Thoma, et al., 2017). Clinical and radiographic observations revealed that the xenogeneic bone 
block material was in tight contact with the underlying bone in a chronic ridge defect. In some 
clinical cases the implants were placed in the center between the native bone and the 
augmented bone. In these cases, the drilling procedure to place the implant revealed a high 
stability of the entire augmented site. This clinical observation might be attributed to rhBMP-2 
being an effective promoter of bone regeneration. Similar observations were also made in a 
case series performing primary augmentation with allogeneic blocks in combination with 
rhBMP-2 (Misch, 2017). 
The resorption and remodeling processes during the healing period remain one of the 
challenges when augmenting bone. Some autogenous bone blocks were reported to have 
resorption rates of the grafting material of up to 60% (Widmark, et al., 1997). There is 
evidence that cortical bone resorbs to a smaller extent compared to cancellous bone (Ozaki, 
Buchman, 1998). Beside the surgical effort, this fact favors intraoral donor sites. The technique 
was further modified by adapting developments made in terms of guided bone regeneration 
(GBR). The use of deproteinized bovine bone mineral (DBBM) to cover the bone block together 
with the application of a collagen membrane did indeed reduce the amount of resorption to 
roughly 10% (Cordaro, et al., 2011; Maiorana, et al., 2005; von Arx, Buser, 2006). Integration 
and the following slow resorption as well as volume stability of DBBM is well documented 
(Araujo, Sonohara, Hayacibara, Cardaropoli, Lindhe, 2002; Jensen, et al., 1996). The resorption 
rate in the present investigation was slightly higher with 25% in the control group within the 
first 4 months as compared to the aforementioned studies. However, comparing the two 
groups, the test group revealed a lower resorption rate, although this was not statistically 
significant with the applied bonferroni correction. The lower resorption rate might rather be 
attributed to the xenogeneic bone substitute rather than to the use of a growth factor, although 
this remains a speculation at this stage. 
Ridge augmentation on the hard tissue level aims to regenerate a sufficient amount of bone to 
allow for dental implant placement. From a clinical point of view, one likes to regenerate the 
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entire ridge contour allowing for improved esthetics as well. The present study revealed that 
the ridge contour as assessed by profilometric outcome measures increased over 4 months, not 
vertically, but rather on the buccal aspect. One has to bear in mind that the augmentations 
were predominantly performed in a horizontal dimension. Interestingly, when analyzing the 
buccal ROI, the increase was roughly 1mm in both groups. The increase on the hard tissue 
level was roughly 4mm. This indicates that, whereas hard tissue augmentation was sufficient to 
place dental implants, changes on the soft tissue contour were affected to a very limited extent 
only. When looking at cross-sections with combined radiological and profilometric information, 
it becomes obvious that the ROI on the buccal aspect was located on a much more coronal 
level than the region where hard tissue was regenerated and measured. From an esthetic point 
of view and in order to regenerate the lost contour, soft tissue augmentation surgeries might 
still remain necessary in these cases. Similar conclusions were drawn in a case series including 
16 patients (Schneider, Grunder, Ender, Hammerle, Jung, 2011). 
Compared to the clinical measurements assessing the ridge width, the current measurements 
based on CBCT data might have some advantages. First, the scan after crown insertion was 
used to define the cross-section. Superimposition allowed to measure exactly at the (future) 
implant position, whereas clinically, especially in case of several neighboring sites, the mesio-
distal position is difficult to define and predominantly to reproduce. CBCT scans can be 
superimposed with a high accuracy and enable to measure at a similar position (Koerich, Burns, 
Weissheimer, Claus, 2016). Secondly, the top of a ridge is always round and clinically it is up to 
the examiner on which level he is going to measure the ridge width. Here again, the implant 
shoulder of the future implant was used to define the height of measurement. Compared to the 
clinical measurements, this might have led to a measurement taken more apically as implants 
are always placed deeper than the top of a ridge. Comparing the radiological and clinical 
measurements, they are well in line except for one variable, the native ridge width. Clinically, 
the median native ridge width was higher for the test group and radiologically it was the 
opposite. This difference might be explained by the above mentioned technical differences, 
especially the vertical position of the performed measurement. 
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The present outcomes are limited due to the small number of patients, the short observation 
period of 4 months and due to limited comparable data obtained with similar techniques based 
on CBCT measurements. In cases with multiple implants, the most mesial site was evaluated, 
with the rationale that the sites become more challenging for regeneration in the anterior 
region. However, one would expect the largest gain in ridge width in the center of the 
edentulous area. Maybe even more relevant is the fact that rhBMP-2 is rarely available for this 
indication depending on the geographic region, and the two materials are not available as a 
combination product. Furthermore, the cost-benefit ratio is still unfavorable if rhBMP-2 is 
derived from the medical field, as the doses are too large for dental indications and therefore 
the prices are too high. 
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Conclusions 
Both treatment modalities successfully increased the ridge width to a similar extent. The 
shrinkage during healing was not greater in the test than in the control group. The soft tissue 
contour remained stable comparing pre-surgery and 4 months and was only minimally 
influenced by hard tissue augmentation.
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Figure legend 
Table 1 Descriptive values of all measured variables. N = number, Std = standard deviation, 
Min = minimum, Q1 = 25% quartile, Q3 = 75% quartile, Max = maximum, p value = Wilcoxon-
Mann-Whitney Test; BL = baseline, 4M = four months, RW = ridge width at IS (implant 
shoulder), at 2mm and at 5mm below IS, RWn = native ridge width, RWa = augmented ridge 
width, dif = difference between baseline and four months, aug area dif = difference in 
augmented area (BL-4M), MDbuc = mean distance buccal, MDoc = mean distance occlusal, 
PrePost = difference between preoperative and postoperative, Pre4M = difference between 
preoperative and four months. 
Figure 1 Study flowchart showing treatment and corresponding hard and soft tissue 
measurements. Pre Aug = Before augmentation; Post Aug = After augmentation; SR = Suture 
removal; Pre IP = Before implant placement; Post CI = After crown insertion. 
Figure 2a-c The volumes are cropped and superimposed, containing exactly the same cross-
section exactly in the same position and scale. (a) The first CBCT scan was taken after 
augmentation (Post aug). The native and augmented bone can clearly be distinguished. (b) The 
second CBCT scan was taken after 4 months prior to implant placement (Pre IP). (c) The Third 
CBCT scan was taken after crown insertion (Post CI). 
Figure 2d-f A grid was placed in figure f according to the implants horizontal and vertical 
position and then transferred to the earlier time-points d and e. All ridge width (RW) 
measurements were carried out along the grid, calibrated by the scale at the bottom of each 
cross-section. 
Figure 2g-i The augmented area was marked on the Post aug scan, illustrated in blue (g). 
Similarly, this was done on the Pre IP scan, marked in green (h). The remaining difference 
(blue) represents the resorption during the healing phase (i). 
Figure 3 Superimposed soft tissue contour before augmentation (Pre Aug, yellow), at suture 
removal (SR, green) and at 4 months (Pre IP, grey). The occlusal and buccal areas of 
measurement are marked in black. 
Figure 4 Cross-section at the implant site showing the buccal measurement area of the case 
shown in Figure 3. The changes between before augmentation (Pre Aug, yellow) and suture 
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removal (SR, green) were measured as well as between suture removal (SR, green) and 4 
months (Pre IP, grey). 
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